Sonic hedgehog (Shh) is a secreted protein that controls the patterning of neural progenitor cells, and their neuronal and glial progeny, during development. Emerging findings suggest that Shh also has important roles in the formation and plasticity of neuronal circuits in the hippocampus, a brain region of fundamental importance in learning and memory. Shh mediates activity-dependent and injury-induced hippocampal neurogenesis. Activation of Shh receptors in the dendrites of hippocampal neurons engages a trans-neuronal signaling pathway that accelerates axon outgrowth and enhances glutamate release from presynaptic terminals. Impaired Shh signaling may contribute to the pathogenesis of several developmental and adult-onset neurological disorders that affect the hippocampus, suggesting a potential for therapeutic interventions that target Shh pathways.
Hippocampal Plasticity and Vulnerability
The hippocampus (see Glossary) is of critical importance for learning and memory because inputs conveyed from multiple sensory association cortices converge on neurons in hippocampal circuits, resulting in the potentiation of activated synapses [1] . The neuronal circuits of the hippocampus exhibit remarkable adaptive structural and functional responses to environmental demands; new synapses form, existing synapses can be pruned, and new neurons are generated from neural progenitor cells (NPCs) in the subgranular region of the dentate gyrus [2]. When rats or mice are challenged to perform cognitive tasks, such as maze learning or living in an 'enriched' environment, the number of synapses on hippocampal pyramidal and dentate granule neurons is increased [3] . Cognitive and bioenergetic challenges (exercise and food restriction) can also enhance the proliferation of NPCs, their differentiation into neurons, and/or their survival [4] .
Hippocampal neurons, particularly CA1 and CA3 pyramidal neurons, are prone to dysfunction and atrophy in three major neurological disorders: Alzheimer's disease (AD), depression, and temporal lobe epilepsy. Their degeneration involves the excessive activation of glutamate receptors, bioenergetic and/or mitochondrial deficits, and compromised cellular stress resistance and repair mechanisms [3, 5] . One general approach to protecting the hippocampus from injury and disease is to activate signaling pathways that promote neuronal plasticity and cell survival during development [3, 6] . Many of the cellular signaling pathways that regulate the formation of hippocampal neuronal circuits during development also mediate the structural and functional plasticity of the adult hippocampus, including pathways activated by the neurotransmitter glutamate, and brain-derived neurotrophic factor (BDNF) [3] . Here, we focus on emerging evidence supporting important roles for Shh, a protein that controls early tissue patterning and axon growth during embryonic development [7, 8] , in hippocampal neuroplasticity and vulnerability.
Trends
Shh regulates hippocampal stem cell proliferation and neuronal differentiation.
Cell responses to Shh are mediated by a membrane receptor (Patched), a transducer protein (Smoothened), and Gli transcription factors.
Regulation of axon elongation is a function of Shh in the developing and adult hippocampus.
Emerging findings suggest roles for Shh signaling in hippocampal synaptic plasticity.
Results of studies of animal models suggest potential therapeutic applications of Shh receptor agonists in several neurological disorders.
